Bioassay-guided fractionation of the methanol extract of Glochidion hypoleucum (Miq.) Boerl leaves led to the isolation of five polyphenolic compounds, methyl gallate, gallic acid, apigenin-8-C-β-D-glucopyranoside (vitexin), luteolin-8-C-β-D-glucopyranoside (orientin), and luteolin-6-C-β-D-glucopyranoside (isoorientin). The chemical structures of the isolated compounds were determined using spectroscopic (NMR, UV-Vis, IR) and mass spectrometric techniques. The antioxidative properties of the methanol extract and isolated polyphenols were evaluated using 1,1-diphenyl-2-picrylhydrazyl (DPPH) for radical scavenging activity and 2,7-dichlorodihydrofluorescein diacetate (DCFH-DA) to measure the level of reactive oxygen species (ROS). With the exception of vitexin, the crude methanol extract and the polyphenolic compounds inhibited DPPH radicals with IC 50 values ranging from 2.46 ± 0.05 to 40.0 ± 0.3 μg/mL. In addition, the crude methanol extract attenuated H 2 O 2 -induced intracellular ROS production in a dose-dependent manner in HEK-293 cells. Gallic acid and isoorientin significantly reduced the ROS level in HEK-293 cells at a concentration of 20 μM.
Glochidion hypoleucum (Miq.) Boerl is a shrub to tree in the family Euphorbiaceae, distributed in the evergreen forests of Burma, Thailand, South China, and throughout Malaysia [1] . The plant is an indigenous vegetable of Southern Thailand. Its shoots and young leaves are consumed raw and cooked in a way similar to other plants in the same genus, G. perakense Hook. f. and G. wallichianum Müll. Arg. It has been reported that the alcoholic leaf extracts of G. perakense and G. wallichianum exhibit potent antioxidant activity and high phenolic contents [2] [3] [4] . Besides food, plants in the genus Glochidion are used as herbal medicines [5, 6] . Previous phytochemical studies revealed that the plants contained polyphenolic compounds [6] [7] [8] and triterpenoids [5, 6, 9, 10] .
Polyphenolic compounds are well known as effective antioxidants, preventing oxidative stress due to the damaging effect of reactive oxygen species (ROS). In addition to antioxidant activity, polyphenols have been reported to have many health-promoting properties including cardio-protective, anti-cancer, anti-diabetic, anti-inflammatory, anti-aging and neuro-protective effects [11, 12] .
We have found that the leaves of G. hypoleucum exhibit strong antioxidant activities. Consequently, we herein report the investigation of the antioxidative polyphenolic compounds from the leaves of this plant.
The DPPH radical scavenging activity of the crude n-hexane, ethyl acetate and methanol extracts of G. hypoleucum leaves was examined by the TLC autographic method. It was found that the methanol extract had the strongest scavenging activity. The antioxidant capacity of the methanol extract, as evaluated by DPPH assay, showed that the extract could inhibit DPPH radicals with an IC 50 of 40.0 ± 0.3 μg/mL ( Table 1) .
Purification of the methanol extract generated five polyphenolic compounds (15) and their structures were characterized using spectroscopic methods as methyl gallate (1) [13] , gallic acid (2) [13] , apigenin-8-C-β-D-glucopyranoside (vitexin) (3) [14] , luteolin 8-C-β-D-glucopyranoside (orientin) (4) [15] , and luteolin 6-C-β-Dglucopyranoside (isoorientin) (5) [14] . These polyphenolic compounds were isolated for the first time from the leaves of G. hypoleucum. Methyl gallate (1) and gallic acid (2) were the main constituents of the leaves of G. hypoleucum.
The antioxidant properties of the leaf extracts of G. hypoleucum were consistent with the activities of the isolated polyphenolic compounds. The DPPH radical scavenging results for the isolated compounds shown in Table 1 indicate that gallic acid (2) and methyl gallate (1), with IC 50 values of 2.5 ± 0.1 and 4.2 ± 0.1 μg/mL, respectively, were more potent than the positive controls, ascorbic acid and Trolox. Moreover, the flavone-C-glycosides, orientin (4) and isoorientin (5) , had almost the same activity as the positive controls, while vitexin (3) showed less activity with an IC 50 greater than 100 μg/mL.
An MTT assay was performed to assess cell toxicity and the optimal concentrations of crude methanol extract and the isolated compounds for investigation of intracellular antioxidant activity in HEK-293 cells. It was found that the crude methanol extract at concentrations of 0.01100 μg/mL were not toxic to HEK-293 cells.
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However, cell viability of HEK-293 was less than 50% following treatment with the crude methanol extract at concentrations above 1000 μg/mL (Figure 2A ). Treatment of HEK-293 cells with compounds 15 at concentrations up to 10 μM was not toxic ( Figure 2B -2F).
To avoid cytotoxicity and ensure more than 80% survival of cells, the crude extract at 100 and 300 mg/mL and pure compounds at 20 μM were used in the DCFH-DA assay to evaluate the inhibition of H 2 O 2 -induced intracellular ROS production in HEK-293 cells. After incubating the cells with H 2 O 2 , the levels of intracellular ROS significantly increased compared with that of the control (solvent) ( Figure 3 ). Treatment with crude methanol extract inhibited H 2 O 2induced ROS production in a dose-dependent manner. Interestingly, treatment with 300 μg/mL crude methanol extract revealed an antioxidant effect similar to that of vitamin C (50 μM; a potent antioxidant), as shown in Figure 3 . Treatment with either 20 μM gallic acid (2) or isoorientin (5) significantly inhibited H 2 O 2induced ROS production. Moreover, ROS production tended to decrease when cells were treated with methyl gallate (1), vitexin (3), or orientin (4) ( Figure 3 ).
The structure activity relationships (SARs) of the antioxidant flavonoids were revealed. The number and position of hydroxyl groups on the B and A rings were found to be important. These results are consistent with those of previous studies showing that orientin (4) and isoorientin (5) have greater radical scavenging activities than vitexin (3) [16] ( Table 1) . The presence of an orthodihydroxy (3,4-diOH) moiety on the B rings of orientin (4) and isoorientin (5) improve the radical scavenging activity and the antioxidant potential of the flavonoids due to hydrogen bonding and electron delocalization increasing which have influence on the stabilization of the flavonoid phenoxyl radicals [17] . Therefore, the lack of an ortho-dihydroxy moiety on the B ring of vitexin (3) led to its reduced antioxidant activity.
In conclusion, this study reports the isolation of the polyphenolic compounds methyl gallate (1), gallic acid (2), vitexin (3), orientin (4), and isoorientin (5) from the methanol extract of the leaves of G. hypoleucum, an indigenous vegetable of southern Thailand. We demonstrate that the major and minor components, identified as methyl gallate (1) and gallic acid (2), play important roles in the free radical scavenging activities. Among the isolated compounds, gallic acid exhibited the most potent antioxidant effect by scavenging DPPH radicals and suppressing intracellular reactive oxygen species production in HEK-293 cells. The flavone-Cglycosides, orientin (4), and isoorientin (5), also showed antioxidant capacities, but lower than that of the phenolic acid. Consequently, G. hypoleucum leaf was discovered to be a rich source of antioxidants which may have potential health benefits to prevent diseases associated with free radicals.
Experimental
General experimental procedures: Optical rotations were determined using a JASCO DIP-370 digital polarimeter, 50 mm microcell. IR and UV spectra were acquired using NICOLET 6700 and SHIMADZU UV-2600 spectrometers, respectively. NMR spectra were recorded on a Bruker AVANCE III HD 400 spectrometer with DMSO-d 6 (Merck) as solvent. ESI-MS data were obtained using a BrukermicroTOF spectrometer. TLC was carried out on silica gel 60 F254 (Merck, layer thickness 0.2 mm). For column chromatography (CC) silica gel 60 (63-200 µm) (Merck) and 40-63 µm Silicycle were used, and for reverse phase, silica gel C-18 (40-63 µm) (Silicycle). were obtained from Sigma-Aldrich. Hydrogen peroxide was purchased from Merck Bioscience, and Dulbecco's Modified Eagle Medium (DMEM), fetal bovine serum (FBS) and other tissue culture reagents from Gibco.
Extraction and isolation:
The ground dried leaves of G. hypoleucum (1.3 kg) were successively extracted with n-hexane (6 L × 10 days), ethyl acetate (6 L × 14 days), and methanol (6 L × 14 days) using a Soxhlet extractor. The solvents were removed under reduced pressure to give crude n-hexane (47.6 g), ethyl acetate (21.6 g) and methanol (190.7 g) extracts. The bioactive methanol extract (111.7 g) was subjected to flash silica gel CC eluting with a gradient system of MeOHCH 2 Cl 2 to afford 6 fractions (A1A6). Recrystallization of fraction A3 with MeOH yielded methyl gallate (1, 2.5 g) as white crystals. Fraction A4 (21.1 g) was chromatographed over a silica gel column using a MeOHCH 2 Cl 2 gradient to yield 6 fractions (B1B6). Fraction B3 (7.5 g) was rechromatographed on a silica gel column using a gradient system of MeOHCH 2 Cl 2 to afford 8 fractions (C1C8). Recrystallization of fractions C2 and C4 with MeOH yielded methyl gallate (1, 85.6 mg) and gallic acid (2, 1.0 g) as white crystals, respectively. Fraction B5 (7.9 g) was further separated on a silica gel column eluted with a gradient system of MeOHCH 2 Cl 2 to give 6 fractions (D1D6). Fraction D4 (1.5 g) was isolated over a reversed phase (C 18 ) silica gel column using 50% MeOH to afford 6 fractions (E1E6). Recrystallization of fractions E4 and E3 with MeOH led to the isolation of vitexin (3, 15.1 mg) and orientin (4, 51.6 mg) as yellow powder, respectively. Fraction D5 (4.0 g) was subjected to a reversed phase silica gel column eluted with 50% MeOH to yield 5 fractions (F1F5). Isoorientin (5, 85.5 mg) was obtained as a yellow powder by recrystallization of fraction F3 with MeOH.
DPPH radical-scavenging assay:
Bioassay-guided separation of leaf extracts from G. hypoleucum was performed based on the TLC autographic DPPH assay, as described previously [18] . The extracts were applied to a TLC plate, which was developed with a suitable mobile phase. The active compounds were observed as yellow spots against a purple background after the plate was sprayed with 0.2 %, w/v, of methanolic DPPH solution. The IC 50 values of the methanol extract and pure compounds were determined by means of the modified spectrophotometric method according to [18] . The test samples were prepared in at least five concentrations in 80% methanol. One hundred μL of the sample solutions were added to 96-well microtiter plates and mixed with 100 μL of a 0.02%, w/v, methanolic solution of DPPH radical, in triplicate. The reaction mixtures were incubated at room temperature in the dark for 10 min; the absorbances were then recorded at 517 nm using an Infinite M200 Microplate reader (Tecan). Trolox® and ascorbic acid were used as positive controls. The free radical scavenging activity of each sample solution was calculated as percent inhibition by the equation:
% Inhibition = 100 × (A blank -A sample ) / A blank
The result was expressed as the concentration that inhibited the DPPH radical formation by 50% (IC 50 ).
Cell culture: Human embryonic kidney-293 (HEK-293) cells were cultured as previously described [19] . Cells were maintained in DMEM supplemented with 10% FBS and 1%, v/v, penicillinstreptomycin solution in a humidified atmosphere of 5% CO 2 at 37 o C.
MTT assay: Cell viability was assessed using the MTT assay according to the method previously described [20] . Briefly, HEK-293 cells were seeded in 96-well culture plates at a density of 1.0 × 10 5 cells/well, in a total volume of 200 μL DMEM supplemented with 1% FBS. Cells were allowed to adhere to the plates for 24 h, before being treated with solvent (vehicle control), the solutions of the methanol extract (0.0110,000 μg/mL) or isolated polyphenolic compounds (15) (0.0011,000 μM). The experiments were performed in duplicate and cells were incubated for 36 h. The medium was then replaced with 200 μL of DMEM and 50 μL of 2 mg/mL MTT solution. After 4 h incubation, the medium was removed and any purple formazan crystals formed were solubilized in 150 μL of DMSO. Absorbances were then read using a Tecan microplate reader at a wavelength of 570 nm. The absorption value of the solution at 570 nm is directly proportional with viable cell numbers. The percentage of cell viability was calculated according to the equation:
Cell viability (%) = (A treated cells / A control cells ) × 100
Measurement of intracellular ROS level:
The intracellular antioxidant activities of the crude methanol extract and isolated compounds were quantified using a fluorescent probe (DCFH-DA) in HEK-293 cells, as previously described [21] . Briefly, cells were seeded in a 12-well plate (5 × 10 4 cells/well) and treated with crude methanol extract (100 and 300 μg/mL), isolated compounds (20 μM), vitamin C (50 μM), or 0.5% DMSO (control) for 24 h. The cells were then incubated with 100 μM of H 2 O 2 for 2 h and were then washed once with phosphate buffered saline (PBS), pH 7.4. Thereafter, DCFH-DA (10 μM) was added and cells were incubated at 37°C in the dark for 30 min. The fluorescence intensity of dichlorofluorescein (DCF) was determined using a Multi-Detection microplate reader (BioTek Instruments) with an excitation wavelength of 485 nm and an emission wavelength of 530 nm. The relative amount of intracellular ROS was determined according to the following equation:
Relative amount of intracellular ROS (%) = (Fluorescence intensity of treated cells /Fluorescence intensity of control cells) × 100
